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The  most  important  feature  of  bioelectric  phenomena  is  found  in  the 
changes  in  potential  which  result from stimulation.  When  once initiated  in 
muscle and  in  nerve these  changes  always proceed to  completion and  they 
are therefore said to obey the all-or-none law. These facts have an important 
bearing  on  the  theory of stimulation  and  it is  therefore of interest  to  find 
that in the fresh water plant Nitella  there are apparent exceptions. 
As a rule ceils of Nitella lose all of their potential when stimulated and they 
may therefore be said to obey the all-or-none law, but cells  t  are occasionally 
found in which there is only a partial loss of potential on stimulation. 
In Nitella  the protoplasm forms a layer about  15 microns thick surrounding 
a  large central vacuole filled with sap. Outside the protoplasm is the cellulose 
wall which is very permeable to solutes. 
At the inner surface of the protoplasm is a  non-aqueous layer (Y).  At the 
outer surface is a  similar non-aqueous layer (X). The observed potential, P, 
is the sum of the potential at X, i.e. Px, and the potential at Y, i.e. Py. It seems 
possible  that  the inner protoplasmic surface  (Y)  can lose its potential  (PQ 
without disturbing Px so that the loss of potential is not complete. This in- 
volves no  violation of the  all-or-none law  since  Y  loses  all  of  its  potential 
and X  loses nothing. 
The sap  contains about 0.05 ~t KC1 and 0.05 ~r NaCI  and small amounts 
of other electrolytes, but  the  effect of KCI  is  so  important  that  the  other 
electrolytes may be neglected.  2 
Previous experiments  indicate  that  the  electrical properties  of X  and  Y 
1  The experiments  were performed on Nitella fl,  exilis, Ag., using the technique em- 
ployed in former papers  (cf.  Hill, S. E., and Osterhout, W.  J.  V., J.  Gen.  Physiol., 
1938, 21, 541). Temperature was 20 to 25°C. The cells were freed from neighboring 
cells and kept for 30 days or more at 15± I°C. in solution A (cf. Osterhout, W. J.  V., 
and Hill, S. E., J. Gen. Physiol.,  1933, 1.7, 87). 
It may be added that the cells are quite variable and in order to avoid confusion 
the presentation has adhered in general to the more typical behavior. 
2 0sterhout, W. J. V., J. Gen. Physiol.,  1930, 13, 715. 
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are very similar  s so that if KCI is present in the protoplasm its effect on the 
total potential may be disregarded since it will be equal and opposite on X 
and on Y  as long as X  and Y  are intact. 
The experiments  4 indicate that the potential at X, Px, as well as at Y, Pr, 
is due to diffusion potential of KCI across the non-aqueous layers. 
Let us now consider the value of the potential (P). The experiments indi- 
cate that this is due chiefly to the diffusion potential of KC1 so that the effect 
of other electrolytes may be neglected. The potential may therefore be calcu- 
lated by means of the Nernst equation which for 25°C. may be written 
59 u  -- V  1  a,(S) 
in which U is the mobility of K + and V the mobility of CI- in the non-aqueous 
layers, ao is the activity of KCI in the external solution and as is its  activity 
in  the sap.  S  is  the activity partition  coefficient of KCI in  the non-aqueous 
layers,  s 
Under normaP conditions we may put U  =  73 and V =  1 so that (U -  V) + 
(U +  V)  =  0.973.  The X  layer thus acts almost like a  potassium electrode 
for which (U -  V)  +  (U +  V) has the value of unity. The value of this ex- 
pression for the X  layer becomes very small  when  cells are leached in  dis- 
tilled water  7 and the value of Px becomes approximately zero. 
The X  layer thus becomes indifferent to K + as happens  in Chara  s  coronata, 
Ziz. It is very interesting to find that Nitdla  can be made to act like Cttara 
merely by  leaching  it  in  distilled  water.  The Y  layer appears  to  act  alike 
in  both  species.  The distilled water appears  to remove from the X  layer of 
Nitella  an  organic substance,  called  for convenience  R,  since  application of 
30sterhout, W. J. V., and Harris, E.  S., J.  Got.  Physiol.,  1928, 11, 391; Blinks, 
L. R., Proc. Nat. Acad. Sc., 1949, 3fi, 566. 
4 Hill, S. E., and Osterhout, W. J. V., J. C,  ot. Physiol., 1938, 21, 541. 
5  We assume for convenience that the vahe of S is the same at each surface of these 
layers but this is not necessarily  the case. See Irwin, M., Proc. Soc. Exp.  Biol.  and 
Med.,  1927, 21i, 127. Davson, H., and Danielli,  J.  F., The permeability of natural 
membranes,  Cambridge University Press,  1943. The value of S is independent of the 
concentration of KC1. 
60sterhout, W. J. V., J. C,  en. Physiol.,  1930, 13, 715; Proc.  Nat. Acad.  Sc.,  1949, 
35, 548. 
v Osterhout, W. J. V., and Hill, S. E., J. Got.  Physiol, 1933, 1.7, 105; 1940, 23, 743. 
Osterhout, W. J. V., J. C-ot. Physiol.,  1935, 18, 987; 1936, 1.9, 423. Hill, S. E., and 
Osterhout, W. J. V., J. Got. Physiol.,  1938, 22, 107. Osterhout, W. J. V., and Hill, 
S. E., Proc. Nat. Acad. Sc.,  1938, 24, 427. 
s Osterhout, W.  J.  V.,  J.  Got.  Physiol.,  1934, 1.8, 215. Osterhout, W. J.  V., and 
Hill,  S.  E.,  J.  Got.  Physiol.,  1940, 23,  743. Osterhout,  W.  J.  V.  J.  Got.  Physiol., 
1943, 27, 91. w.  j.  v.  OST~.RaOUT  815 
dilute  mammalian  blood  after  leaching  at  once  restores  the  X  layer  to  its 
normal  condition.  It would  seem  that  the  blood  contains  R  and  this  sub- 
stance may cause animal cells  to be sensitive to K +. It seems possible that in 
Chara  R  is formed in the vacuole and does not come in contact with  the X 
layer which consequently is  not sensitive  to K +  but  the Y  layer appears  to 
behave like the Y  layer in Nitella. 
It may seem strange  that  an  organic substance  can  show  large potential 
differences between KCI and NaCl but we know that when 1 M KC1  in con- 
tact with nitrobenzene is replaced by 1 M NaC1 there is  a  change of 67 my. 
in a  positive direction.  9 
Leaching does not change the total value of P  so that we have after leach- 
ing P  -- Px +  PY  =  0 +  97  =  97  my. We may therefore assume that the 
value of Px before leaching was zero since if Px had a  higher value the value 
of P~ would have to be less than 97 my. in order to make the total 97 Inv. and 
the  value  of Py would have  to  be  increased  by leaching  which  seems  very 
0.001  1"I 
x  l'x'0 
0.001 I~I KCl  Pt,  otoplaBm 
Y  0.05  PI KCI  ~ap  ~Py- 9"tm~. 
Fro. 1. The values of Px and Py with 0.001 M  KCI in the external solution are shown. 
improbable. If the usual value of Px in unleached cells  is  zero when the ex- 
ternal solution contains 0.001  ~t KCI it means that the protoplasm also con- 
tains 0.00I ~t KC1 so that there is no diffusion potential of KCI across the X 
layer and consequently no potential. 
The Y  layer then has 0.001 M KCI on one side and 0.05 M KC1 on the other 
as in Fig.  1 so that we have (using concentrations in place of activities) 
59 73 -  1  0.05(S) 
P--  7-i-Ci ,oglo  ~) 
=  97 my. 
This is close to the usual observed value. 
Let us now consider Fig. 2 showing stimulation when the external concentra- 
tion  is  0.001  M KC1.  We  may suppose  that  the  protoplasm  contains 0.001 
KC1 as stated  above. Since we have 0.001  M KCI outside,  there is no dif- 
fusion potential across the X layer and Px =  0. If Py =  97 my. we have before 
stimulation occurs, P  =  Px +  PY =  0 +  97  =  97 my. We assume that when 
stimulation occurs Y loses its potential so that Py becomes zero. Px is already 
zero, 
' Osterhout, W. J. V., J. Gen. Physiol., 1943, 27, 91. 816  APPARENT  VIOLATIONS  OF  ALL-OR-NONE  LAW 
Before the rise of the curve we have 0.001 M KC1 in the protoplasm and 0.05 
M KCI in the sap. In the resting state the concentration of KCI in the proto- 
plasm and in the sap remains constant because the non-aqueous layers X  and 
Y  are  practically  impermeable  to  electrolytes  as  shown  by  their  very high 
electrical resistance.  ~° When stimulation occurs the Y layer becomes permeable 
as shown by the decrease in electrical resistance  n and KC1 moves from the sap 
into  the  protoplasm.  In  consequence  Py  disappears  and  the  curve  shows  a 
rise of 97 my. This part of the curve is called the spike. 
0"  I~j=97 
5O 
.10 ~... 
.K+in pooZ. = 0.00~[ 
FIo. 2. An action curve in a normal cell with 0.001 M KC1 in the protoplasm, 0.05 
KC1 in the sap, and 0.001 ~ KC1 in the external solution.  The potential at the outer 
surface, Px, is zero. The potential at the inner surface,  Pr, is 97 my. This disappears 
on stimulation causing an abrupt rise of the curve: This is called the spike. As soon as 
the spike is completed the recovery process sets in as shown by the fall of the curve. 
Diagrammatic. 
As soon as the spike is completed the process of recovery begins as shown by 
the fall of the curve. During  this process the accumulativO  ~ forces carry K + 
back into the sap.  TM If this process is complete it restores the cell to its previous 
~0 Blinks, L. R., Y. Gen.  Physiol.,  1930, 13,  495. Curtis, H. G., and  Cole, K. S., 
J.  Gen.  Physiol.,  1937, 21,  189. 
n Blinks,  L. R., Y. Gen.  Physiol.,  1936, 20, 229. Cole, K. S., and  Curtis, It.  G., 
a  r. Gen. Physiol.,  1938, 22, 37. 
x~ Osterhout, W. J. V., .L Gen. Physiol.,  1952, 35, 579. 
13 The volume of the sap is so large that the concentration of KC1 in the sap may be 
regarded as practically constant since it will be very little affected by the small amounts 
of KC1 moving into the protoplasm. w.  L  v.  OST~.m~OUT  817 
condition with 0.001  ~  KCI in the protoplasm. 14 The next stimulation  will then 
give the same result. 
O  Py  p /o. 
0- 
I00 
=27 
K~jn  p~.= 
O.O0~M 
l~jr,~ 49 
X÷i~ pr,  o~.= 
0.0071"~ 
! 
20 ~c. 
Fro. 3. The effect of successive stimulations in a  cell with 0.001  M KC1 in the ex- 
ternal solution and 0.05  M KCI in the sap.  When  stimulation  occurs at A  the  pro- 
toplasm  contains  0.003  M KC1.  The  potential  at  the  outer  protoplasmic  surface 
(Px) is 27 inv. The potential at the inner protoplasmic surface (Py) is 70 my. This 
disappears so that the curve rises abruptly but the spike is only 70 my. because the 
potential at the outer protoplasmic surface (Px) does not disappear. 
When stimulation occurs  at  B  the  protoplasm  contains  0.007  ~  KC1.  The  po- 
tential at the outer protoplasmic surface (Px) is 48 my. The potential  at  the inner 
protoplasmic surface (PY) is 49 Inv. On stimulation  the  curve rises abruptly but the 
spike is only 49 my. because Px does not disappear. 
At A and at B  the spike is less than 97 mv. but this is not in violation of the all- 
or-none law because the inner protoplasmic layer Y  loses all of its potential  (Py) 
but  the outer protoplasmic layer (X) loses nothing,  as shown by the fact that the 
potential  (Px)  at this layer remains intact. Diagrammatic, 
Let us suppose that after stimulation the process of recovery is not complete 
and  that  0.003  ~  KCI remains  in  the  protoplasm  instead  of the  usual  0.001 
M KC1. This will not alter the resting potential  (P)  since the extra KC1 in the 
"0sterhout, W. Ji V., and Hill, S. E., J. Ge•.  Physiol., 1940, 239 743. In some cases 
the potential at the end of the recovery period is temporarily somewhat higher tha~ 
it was just  before stimulation  occurred.  This is known  as positive after-potential. 
Regarding positive after-potential in nerve cells  see Gasser, H. S., A~n. ]. Physiol., 
1936, 117,  113. See also Eflanger,  J.,  and  Gasser, H. S., Electrical Signs of Nervous 
Activity, Philadelphia, University of Pennsylvania Press, 1937. 818  APPARENT  VIOLATIONS OF  ALL-OR-NONE  LAW 
protoplasm will  have equal  and  opposite  effects on X  and  on Y  and  these 
effects will cancel out so that the potential, P, will depend solely on the con- 
centration  of KCI in  the external  solution  and in  the  sap.  Hence,  although 
Px and Py may vary, the total P  =  Px -}- PY will remain constant at 97 my. 
If we have 0.003  M KCI in  the  protoplasm there  is  a  diffusion  potential 
across the X  layer and the calculation (given below) shows that this potential 
(Px)  is 27 my. The potential across the Y  layer is 70 my. When stimulation 
occurs we assume that Py disappears but Px remains unaltered. We therefore 
have the curve shown at A in Fig. 3. With 0.007 M KCI in the protoplasm as in 
Fig. 3 at B we have Px =  48 mv. and Py =  49 inv. 
We may suppose that when stimulation occurs at A  (Fig. 3) Py disappears 
leaving Px intact,  and  that  the same thing happens at B. Hence the loss of 
potential is not complete but this need not be regarded as a  violation of the 
all-or-none law since we may assume that the Y  layer loses everything, but the 
X  layer loses nothing. Hence if there is a  loss in any layer, the loss is always 
complete in that layer. 
If the protoplasm after recovery contains 0.003 M KCI we have: 
Py  --- 39 73 -- I l  0.05 
73 +  I  oglo  0-~ 
='  70 my. 
This is the condition when the cell is stimulated at A, Fig. 3, and the protoplasm 
contains  0.003  K  KC1.  Since  the figure shows  that  the  total potential  P  = 
Px +  PY =  97 my., it is evident that if Py --  70 inv. Px must equal 97  -  70 
--- 27 inv. 
We suppose that when stimulation occurs at A, Fig. 3, the Y  layer becomes 
permeable and Py falls to zero so that the height of the spike is 70 inv., but the 
X  layer  does not  become permeable and  Px  does  not  change  but  remains 
at 27 inv. 
When the protoplasm contains 0.007 x~ KC1 we have for the potential across 
the Y layer 
59 73 -- 1 1o  0.05 
PY=  ~  gl°~-  7 
ffi 49my. 
In the above equations  the figures, 0.003  and 0.007  denote the concentra- 
tions of KCI in the protoplasm. 
This is the condition when stimulation occurs at B, Fig.  3.  Since the total 
potential P  --  Px -[- Py  -  97 my. and Py =  49 my., it is evident that Px = 
97--49--48mv. 
When  stimulation occurs at B,  Y  loses all of its  potential but X  remains 
unaltered  so that  the curve rises only 49  my. but  this does not constitute a w.  j.  v.  osT~.~otrr  819 
violation of the all-or-none law since the Y layer loses all of its potential but the 
X  layer loses nothing. 
On this basis we may say that with 0.001 g  KC1 in the external solution and 
0.05 ~  KCI in the sap the height of the spike depends on the concentration of 
KCI in  the protoplasm and may be  ascertained  by using  the  curve  shown 
in Fig. 4. 
As already stated, the electrical resistance of the surface layers X  and Y  is 
very high and this largely disappears in normal cells during stimulation. We 
may suppose that this does not happen to the X  layer in ceils containing rela- 
tively high concentrations of KC1 in the protoplasm where the outer proto- 
0.OOl  0.OO5  0.011vl 
' 
0  I  I  I 
0.01  0.02  0.0~  0.04  0.051~ 
Concentt~ation of KCJ in pI~ol:opla~a 
FIG. 4. The relation between the height of the spike (ordinates)  and  the molar 
concentration of KC1 in the protoplasm (abscissae)  when the external solution con- 
talus 0.001 x KCI and the sap contains 0.05 M KCI. 
The scale of abscissae for curve A is at the top; for curve B it is at the bottom. 
The curve is drawn free-hand to give approximate values. 
plasmic  layer  does  not  become  permeable  during  stimulation  so  that  the 
potential of this layer remains intact as in Fig.  3. It seems possible that the 
outer  surface layer is  stabilized by the  higher  concentration of KC1  in  the 
protoplasm. We need measurements  to determine whether  the electrical re- 
sistance and behavior in polarizing current of the X  layer  remain  unaltered 
during stimulation in such cases. These determinations may be difficult as such 
cells are not often met with. 
Stimulation in the Y layer is produced by a propagated electrical disturbance 
which travels along the cell in this layer. If no stimulation occurs in the X  layer 
we may suppose that no propagated electrical disturbance occurs in this layer. 
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disappears  is  confirmed by experiments  in which  the  cell  is  stimulated  while 
the process of recovery is still  going on.  16 
Fig.  5  TM  shows that when  stimulation  occurs the potential  at Y  disappears 
and  the action curve rises.  In this case the external solution  contained  0.005 
M NaC1 -}- 0.0025 M CaC12. When stimulation occurred K + came out of the cell 
Potential  due to  X 
•  *oi*  o  %  ° : .'.'..o' 
Potential  due to Y 
FIG.  5. Hypothetical diagram of the distribution  of potential  in the protoplasm 
which is supposed to consist of an aqueous portion bounded by two very thin non- 
aqueous layers (X, at the outer surface, and Y, at the inner surface). 
When stimulation occurs Y  loses  its potential and  this produces the sudden rise 
(spike) of the action curve at a. Potassium moves outward and on reaching X  sets up 
some potential  (5)  which disappears  when  the potassium reaches  the outside of X 
(at c). 
The process of recovery now sets in and potassium moves back into the sap, de- 
creasing the potassium outside of X  and increasing it inside of X  and thus increasing 
the potential across X. As potassium continues to move inward its concentration just 
inside X  decreases and the potential across X  decreases. Hence the potential due to 
X  first increases and then decreases. 
When stimulation  occurs during recovery Y  loses  its potential  but X  does not: 
hence there is no response at d, and the responses at e, f, g, and h are incomplete but 
they increase as recovery proceeds because the potential at Y  increases.  At i  the re- 
sponse becomes complete. 
and  during  recovery  the  accumulative  forces moved it  back  into  the  outer 
region of the protoplasm so that the value of Px increased but, as these forces 
carried K + from the protoplasm into the sap,  the concentration of K +  in the 
protoplasm fell off and the value of Px diminished as shown in the figure.  In 
15 Osterhout, W. J. V., J. Gen. Physid., 1943, 27, 61. During recovery the concen- 
tration of K + in the protoplasm is not the same at both surfaces so that the value of 
Px +  PY is not constant. 
16 Osterhout, W. J.  V., J. Gen. Physiol.,  1943, 27, 61. w.  3.  v.  OSTV.P~o~r  821 
consequence the spike which was small  at first became gradually larger and 
finally reached full  value.  17 During the process of recovery the  value  of Px 
first increased and then decreased but each time Py disappeared as the result 
of stimulation Px remained intact. 
The outward movement of K +  during stimulation may produce an action 
curve  TM of the type shown in Fig. 6. As K + moves out of the sap into the proto- 
0" 
qlm~.  ....  .d..o 
FIG. 6. The broken line shows the potential in  the resting  state, before  the out- 
ward movement of potassium  begins. The unbroken  line shows changes in potential 
during  the action current due to the outward movement of potassium. 
The o movement shows a loss of potential  as the Y layer becomes permeable and 
K + comes out into the protoplasm;  the p movement shows a gain in potential as the 
K +, moving outward through the Y layer,  comes in contact with the outer surface 
X; the q movement shows a loss of potential  as K + diffuses outward through the X 
layer which has now become permeable; the r movement shows a gain in potential as 
K + is carried back into the vacuole by the accumulative  forces during the process of 
recovery. 
The duration of the action current is usually about 15 seconds. The rate of trans- 
mission is of the order of 2 to 20 cm. per second. 
piasm and comes in contact with the X  layer, it sets up an outwardly directed 
potential which causes the action curve to fall at p, but as K + diffuses through 
the X  layer (now become permeable)  into the external solution free from K +, 
the outwardly directed potential falls off and the curve rises  at q to zero. This 
gives a double peak. 
The downward movement of the curve at p  would not be expected if the 
17 Under certain  conditions  Px may first  decrease and  then increase.  Osterhout, 
W. J. V., Y. Gen. Physiol., 1946, 80, 47. 
18 Osterhout,  W. J. V., Physiol. Rev., 1936, 16,216. 822  APPARENT  VIOLATIONS  OF  ALL-OR-NONE  LAW 
outer protoplasmic layer X  were not sensitive to  the action of K +.  This ex- 
pectation is realized in leached cells of Nitella  19 and in normal cells of Ckara 
coronata Ziz.  ~° In cells of Chara  2~ which have been made sensitive to K + by 
treatment with guanidine,  we have the downward movement of p  because X 
is sensitive to K +. 
It is very interesting to find that Nitella can be made to act like Chara and 
vice versa. Both reactions are reversible. 
A  single peak may occur in Nitella  ~  even when the X  layer is sensitive to 
K + as is seen in Fig. 2. This situation is favored by the presence of KCI in the 
external solution and by a relatively rapid breakdown of the X  layer. 
We may ask why stimulation in NiteUa is sudden and complete and obeys 
the all-or-none law?  This  would  be  expected  if  stimulation were  due  to  a 
rupture of the non-aqueous layers. We have no positive evidence that such a 
rupture occurs but we may consider the following facts. A stimulation is readily 
produced by a mechanical disturbance of the surface layers  ~s which might cause 
a rupture. In electrical stimulation 100 my. or more is suddenly applied across 
a non-aqueous layer less than half a micron in thickness and it may be asked if 
this can cause a rupture. In chemical stimulation when the resting potential at 
any point is suddenly reduced to zero by applying a solution of KCI so that this 
point becomes an electrical sink, and a neighboring region acts as an electrical 
source and discharges into it,  the electrical pressure at the point of discharge 
amounts to about 100 mv., so that the situation is similar to that in which 100 
my. is applied from an external source and this is usually enough to stimulate. 
The response is very sudden and the electrical resistance falls to a  very low 
value as would be expected in the case of rupture but there is not much change 
in  electrical  capacity  and  this  would  also  be  expected if  rupture  occurred. 
In the giant axon of the squid there are other phenomena which cannot be 
explained as due to a  rupture but which might be due to other changes taking 
place after a rupture has occurred. 
In  discussing  potentials  in  Nilella  it  has  been  assumed  that  the  chain 
Sap /  X  layer /  protoplasm  /  Y layer /  Sap  24 
will give little or no potential which is in agreement with experimental results. 
This indicates that X  and Y  have similar electrical properties. Let us sup- 
pose that we eliminate the protoplasm and  cause X  and  Y  to  fuse together 
10 Osterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1940, 23, 743. 
~00sterhout, W. J. V., J. Gen. Physiol.,  1934, 18, 215. 
~10sterhout,  W. J. V., and Hill, S. E., J. Gen. Physiol., 1940, 24, 9. 
See Cole, K. S., and Curtis,  H. J., J. Gen. Physiol., 1938, 9.2, 37. 
Osterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1931, 14, 611. 
u Osterhout, W. J. V., and Harris, E. S., J.  Gen. Physiol.,  1928, 11, 391. Blinks, 
L.  R., Proc.  Nat.  Acad. Sc.,  1949, 35,  566. w.  j.  v.  OSX~RHOUT  823 
into one layer which we may call XY.  We should  then find that  the chain, 
Sap /  XY layer /  Sap, would give no potential. This would also apply to the 
chain, Sap /  X  layer /  Sap and to the chain  Sap /  Y  layer /  Sap.  We may 
therefore regard the X  layer and the Y  layer as symmetrical. 
There is evidence to show that asymmetrical layers are found in living pro- 
toplasm. 
Let us now consider the situation in certain marine plant cells which resemble 
Nitella in having a  large central vacuole surrounded by a  thin layer of proto- 
plasm. We find that in Valonia macrophysa Ktitz the chain--Sap / protoplasm / 
Sap, gives an inwardly directed potential of 20 to 80 my.  2~ This indicates that 
the two surfaces are unlike or that there is asymmetry at one or both surfaces. 
Francis found that when crushed frog muscle was applied to the outside of 
living muscle there was an inwardly directed potential of 10 to 20 Inv.  ~e This 
may indicate asymmetry in muscle. In view of this the observations of Shed- 
lovsky  v  are very important.  He finds that a  single asymmetrical membrane 
may give potentials up  to 300 my. This consists of a  thin glass membrane to 
which is fused a  layer of laurie acid. This membrane separates  two  identical 
solutions of buffered BaCI~. On one side of the membrane the solid laurie acid 
reacts with the barium in the solution to  form insoluble barium laurate and 
as a  result a  potential difference between the two solutions is created which 
may amount to 300 my. 
Since the protoplasm may act like a hydrogen electrode and thus behave like 
the glass membrane in the model, it may be  asked  whether in some cases a 
potential may be produced as in the model described by Shedlovsky. 
SUMMARY 
The protoplasm of NileUa  forms a  thin  layer surrounding  a  large  central 
vacuole filled with sap. At the inner surface of the protoplasm is a non-aqueous 
layer called Y  and at the outer surface is a  similar layer called X. At each of 
these layers there is a potential due to the diffusion of KCI in contact with the 
layer. We thus have P  =  Px +  P~ in which P  is the total potential, Px is the 
a~ Damon, E. B., J. Gen. Physiol., 1932, 15, 525. 
26 Francis, W. L., Proc. Roy. Soc. London, Series B, 1937, 122, 140. 
Shedlovsky,  T.,  Cold Spring  Harbor Syrup. Quant. Biol.,  1952, 17,  97;  Nat. 
Bureau Standards (U. S.), Circ. 524, 1953, 281. 824  APPARENT  VIOLATIONS OF ALL-OR-NONE LAW 
potential at X, and Py the potential at Y. We assume that when stimulation 
occurs Py disappears  and Px remains unaltered. The loss of part of the po- 
tential  therefore  involves  no violation  of  the  all-or-none  law  since  the  ¥ 
layer loses all of its potential and the X layer loses nothing. 
If the concentration of KC1 in the external solution and in the sap is known 
the concentration in the protoplasm can be calculated  at each stimulation by 
measuring the height of the spike. 